Early growth response 2 negatively modulates osteoclast differentiation through upregulation of Id helix-loop-helix proteins.
Early growth response 2 (Egr2) is a zinc finger transcription factor that acts as an important modulator of various physiological processes. In this study, we show that Egr2 negatively regulates receptor activator of NF-κB ligand (RANKL)-induced osteoclast differentiation. The overexpression of Egr2 in bone marrow-derived macrophages (BMMs) suppresses the formation of multinuclear osteoclasts and the expression of osteoclastogenic markers, including nuclear factor of activated T cells c1 (NFATc1). On the other hand, Egr2 overexpression does not impact the phagocytic activity of osteoclast precursors or the expression of macrophage-specific markers in the presence of the osteoclastogenic stimuli, RANKL and M-CSF. We further demonstrate that Egr2 induces the expression of the inhibitors of differentiation/DNA binding (Ids) helix-loop-helix (HLH) transcription factors, which are important repressors in RANKL-mediated osteoclastogenesis. Egr2 transactivates the Id2 promoter and increases its recruitment to the Id2 promoter region. In addition, Egr2-dependent induction of Id2 promoter activity, and its binding to the Id2 promoter is abrogated by the overexpression of the Egr2 repressor, NGFI-A binding protein 2 (Nab2). Accordingly, coexpression with Nab2 restores Egr2-mediated suppression of osteoclast differentiation. Furthermore, knockdown of Egr2 using shRNA enhances osteoclastogenesis and decreases Id2 gene expression. Ectopic expression of Id2 reverses the phenotype mediated by Egr2 silencing. Taken together, our results identify Egr2 as an important modulator of RANKL-induced osteoclast differentiation and provide the link between RANKL, Egr2 and Id proteins in osteoclast-lineage cells.